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Fogo Selvageltl (FS) is an autoiltlltlune disease char-
acterized by subcorneal vesicles and antidesltlo-
glein-l autoautibodies. Previous epideltliologic data
have linked the onset of FS to exposure to aJ1 envi-
roDltlental antigeu(s). This investigation describes a
unique hultlan settleltlent with au extraordinarily
high prevalence ofFS. This com.ulUnity is m.ade up of
Am.erindians belonging to the Terena tribe, which
has settled on the Lim.ao Verde reservation in the
state of Mato Grosso do Sul in Brazil. Twenty-six
well-characterized FS cases have been identified
within a total population of 998, yielding a preva-
lence of 2.6%. Seventeen of the patients (65%) were
m.ales, and over 50% were older than 30 y of age. The
incidence of the disease shows teltlporal periodicity,
i.e., years with several cases of FS alternating with
F OgO Selvagem (FS), the endemic form of pemphigusfoliaceus, has been described in certain rcgions ofBnizilfor several decades (Diaz et aI, 1989a, 1989b). Recently,other endemic foci of pemphigus foliaceus have beenreported in Colombia (Robledo et aI, 1988) and Tunisia
(Bastuji-Garin et ai, 1995; Morini et ai, 1995). The etiologic agent or
agents involved in precipitating all of these forms of pemphigus
foliaceus remains unknown. FS and other forms of pemphigus
foliaceus are characterized by spontaneous intra-epidermal blisters
and epidermal-specific autoantibodies (Diaz et ai, 1989b). The titers
of FS autoantibodies correlate with the extent and activity of the
disease and are detected only in those affected with FS (Squiquera
et aI, 1988). These autoantibodies belong to the IgG isotype and are
predominantly of the IgG4 subclass (Rock et aI, 1989). Further-
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years with no cases. Over one-half of the cases oc-
curred in genetically related faltlily Itleltlbers. An-
other Terena reservation, the Ipegue/Taunay, located
90 km. west of the Liltlao Verde reservation, was also
evaluated as a control group. This reservation, with a
population of 2203, had no recorded cases of FS.
Thus, the LiInao Verde reservation represents a neW
focus of FS in which the disease exhibits tem.poral,
geographic, and faltlilial clustering. These results
suggest that the environltlental antigen or antigens
precipitating FS are endexnic to the Liltlao Verde
reservation. This reservation appears to be an ideal
population for carrying out scro-epideltliologic, ge-
netic, and environltlental studies ailtled at disclosing
the etiology of FS. Key lVol'ds: pempl'igns foliacells/
etiology/epidemiology. ] I"vest Dem'atol 107:68-75, 1996
more, the IgG fraction of FS sera as well as its F(ab')2 and Fab'
fragments are pathogenic whcn passively transferred into neonatal
m.ice (Roscoe et aI, 1985; Rock et aI, 1990). FS autoantibodics are
directed aga.inst desmoglein-1 (Dsg1), (Koulu et ai, 1984; Stanley et aI,
1986), a desmosomal glycoprotein tbat belongs to the cadhetin f.11ni1y
of cell adhesion molecules (Wheeler et aI, 1991; Buxton et ai, 1993).
A remarkable characteristic ofFS is its epidemiology. The unique
features of FS include tbe fact that the disease is endemic to certain
states of Brazil, that there is an incrcased number of familial cases,
and that tbe number ofcases in children and young adults dedicated
to farming activities is high (Vieira, 1940; Aranha-Campos, 1942;
Auad, 1972; Castro, 1983; Diaz et aI, 1989a). These findings have
led Brazilian investigators to postulate that FS is precipitated by
exposure to an environmental factor or factors (Aranha-Campos.
1942; Auad, 1972; Castro, 1983; Vieira, 1940). Several indepen-
dent lines of evidence, including a case-control epidemiologic
study, point tp an insect vector ("black fly," family Simuliidae) as a
prime candidate for the FS precipitating agent (Lombardi et aI,
1992). This study showed tbat farmers exposed to black fly bites
were, as estimated by the odds ratio, 4.7 times more likely to
develop FS than those not exposed.
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Figure 1. The Terena reservation ofLimao Verde is located in the state ofMato Grosso do SuI, Brazil. The state capital is Campo Grande (@).
The Terel1a Indian tribe accounts for approximately 10,000 individuals living 011 several reservations (e, numbered fi'om 1 CO 6). The Limao Verde and
Ipegue/Taunay reservations are labeled 1 and 2, respectively. ®, reservations inhabited by a mixed population of Tel'ena and non-Terena Indians (7-'10). 0,
reservations inhabited by tribes other than the Tercnas (11-.17).
We are studying FS in select Brazilian commUt11ues that share
certain ethnic, cultural, and sociologic characteristics. Groups un-
der investigation inclu.de the Amerindians settled in Brazilian states
in whi<;h FS is endemic. The Amerindians form independent
communities recognized by the Brazilian government and remain
relatively isolated frorn other ethnic groups. Some of these com-
munities have been the subject of anthropoJogic and genetic studies
(Neel et ai, 1964; Maybury-Lewis, 1967; Weinstein el ai, 1967;
Flowers, 1994). Recently, we have described a focus of FS in a
reservation of Xavante Indians living in the eastern part of Mato
Grosso state in central Brazil (Cerna, 1993; Friedman el ai, 1995).
There were 10 patients with clinical and immunologic features of
FS in a Xavante settlement with 740 inhabitants.
This study was lUldertaken to document unconftrmed reports of
a high prevalence ofFS in another BraziJian Amet'indian settlement,
the reservation ofLimao Verde, located in the central plains of the
state of Mato Grosso do SuI. This reservation was settled during the
second half of the last century by members of the Terena tribe.
Field trips to the reservation were conducted to catTy out the
following objectives: a) to perform clinical examinations of FS
patients and normal control groups, b) to perform serologic testing
of patients and controls, c) to establish the family pedigrees of FS
patients, d) to document the evolution of FS on the reservation
over the last 20 y, e) to obtain samples from FS patients and controls
for HLA studies (Moraes ef ai, paper in preparation), £) to define the
geography and the ecologic systems of the region, g) to carry out a
census of the population and the distribution of the population in
family units, h) to define the geographic location of the hQuses
where the Terena families and the FS patients live. It was ou~ hope
that this data would reveal important information about the
etiology of FS.
MATERIALS AND METHODS
The Geography of the Terena Reservations of Liulao Verde and
Ipegue/Taunay The Limao Verde reservation is located 25 km northeast
of the city of Aquidauana and 160 km west of the city ofCampo Grande, the
capital of the state ofMato Grosso do Sui, (longitude 55°, 41',01" west and
latitude 20°.19',00" south). It comprises a total of1.712 hectares (4.230
acres). The reservation of Ipegue/Taunay, like Limao Verde, has been
settled for many years by individuals fi'om the Terena tribe. I't is made up of
t\vo neighboring I'ndian settlements located approximately 90 km west of
Limao Verde. The lpeglle/Taunay reservation has a tota.! area of 6.374
hectares (15.749 "CI'es). The state of Mato Grosso do SuI is located in the
midwestern sectio l1 of Brazil, bordered on the north by the states of Mato
Grosso and Goias, on the cast by the stqtes of Sao Paulo and Parana, and on
the west by Paraguay and Bolivia (Fig 1).
The land and vegetation of this region of ti,e state of Mato Grosso do SuI
is typical of the subtropical plains of Brazil. The climate is hot and humid
"nd varies with the seasons. During the rainy season, fi'om October to April,
average precipi~ation measures approximately 1200-'\400 mm and daily
temperatures range trom 28 to 43°C. The dry season, May to September. is
characterized by average daily temperatul'es of 18°C and less tI,an 40%
relative humidity. Precipitation during the dry season f.ll1S below 50
mm/mo. Brush fires are common during this time of the year.
The reservation ofLimao Verde comprises two well-defined geograph-
ical regions. Limao Verde and Corrego Seco (which meallS "dry creek")
(Fig 2). The a.!titude is 230 m above sea level. The fertile lands of Lirnao
Verde are surrounded by low altitude and rocky hills and are irrigated by the
small creek, Joao Dias, and its tributaries. Another small creek provides the
water supply to the region of Corrego Seco. There arc fewer fanning fields
in Con'ego Seco cOlllpared with the Limao Verde region. The lands of ti,e
Limao Verde and Ipcgue/Taunay reservations are dedicated to "griculture.
l"l.-ice. beans, yucca, corn, sugar cane, and n variety of fruits, such as L11angos,
limes. and or"nges. arc harvested in Limao Verde. These products support
the local needs and arc sold in limited amounts outside the region. There are
no mining or any other heavy industrial activities on these reservations.
The Terel1a Society ofLiluao Verde The Terena sociery is organized
according to traditional guidelines that have evolved over the last several
hundred years. The local government of the tribe is socia.listic but subject to
the state and federal Brazilian government. Although ti,e Terenas elect a
Chief (Cacique) by popular vote every 5 y, the political power appea.rs to
fall within the ranks of the f.lllli.!y members of the leaders that form the
Council. A family unit is pw\'ided with a primitive house and a parcel of
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F ig ure 2. Geographic characteristics of the Terena reservation of 
Limao V erd e . T his reservation has two regions. the Alde ia Limao Verde 
and Corrego Seco. Low altitude mo untains (Morros do Amparo, dois 
Irmaos, da Vigia) surround the Aldea Limao Verde. A small ri ver (Corrego 
Joao Dias) and its tribu ta ri es supply the wa te r to the rcservation. ~, roads 
lead ing to the nearb y cities o f Aquidauana and C ipo landia. 6 , ho uses 
inhabited by FS patien ts (at the time of disease onset) . e , remaining ho uses . 
T here were 171 occupied ho uses in Limao Verde and 33 in Corrego Seco. 
land for agricu lture. In some instances. a limited ownershi p of the land is 
allowed. T he Terena family lUlit is patriarchal. Consanguineous marriages 
arc uncommon . but second o r third marriages of women or men arc 
C0111111on. 
A Terena Indian rarel y obt'lins all education bcyond elementary school. 
Beginning in their ea rl y teens, Terena males usuall y become dedicated to 
agricul ture and other outdoor labor activities . Females . on the o ther hand , 
usuall y remain at home but can also help in agri cultural cho res. Medica l ca re 
is inconsistent, and patients with serious diseases arc transfe rred to the city 
of Aquidauana or Campo Grande. C hildhood immunizations arc provided 
by the federa l govern ment. 
T he Terenas are members of the Fundac;:io N acional do Indio de Brazil 
(FUN AI), which is recognized by the Brazilian government as the official 
po li tica l group represen ting Indian interes ts. Before entering any Indian 
reservation within Braz il a v isito r must o btain a permit from the FUN A!. 
Evaluation of the Inhabitants of the Terena Reserv ations ofLimao 
V e rde (a Group with High Prevalence ofFS) and Ipegue/Taunay (a 
C losely R e late d Group with 110 Cases of FS) Several expeditions 
were cond ucted over the last 2 y to study th e Tercna Indian settlements on 
the Limao Verde and Ipeguc/Taunay rescrvations located iJI Mato Grosso 
do SuI . Brazil. Trips to each of the reservations we re coordinated wi tll tllC 
loca l leaders hip to ensure that the majori ty of individuals wi th dermatologic 
problems wo uld attend the cl inical f"c ilities on the day of o ur vi sit and 
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patients w ith skin disorders were examined by two dermatologists. R ela-
tives of FS patients. individ uals with non-denllato logic problems. and 
hea lthy controls were seen by a primary Glre physician . Ex tended pedigrees 
were constructed fo r families of FS patients. Skin bio psies. if ind icated. and 
blood were co llec ted fro m FS patients, their relatives , and randomly 
se lected healthy contro ls. T he blood fo r sero logic studies was transported 
within 12 h to the University Hospi ta l (Unjversidade Federal de Mato 
Grosso do SuI), where tl lC seru m was separated and sto red at - 20°C. 
Frozen sera were transpo rted to til e United States for further testing . 
The Diagnostic Criteria of FS T he d iagnosis of FS was established 
fo Ll owing clinical. hjstologic, and epidemio logic cri teria (Diaz et nl. 1989b). 
A ca reful history and records of previo us hospi ta li zations in the Hospital 
Adventista do Penfigo (a regional referral hospital fo r FS pa tients located in 
Campo Grande. the state capital) were ob tained from each o f the patients. 
In addi tion , the elders of the reservatio n. i. e., fo rmer Indian chiefs, and 
ph ysicians from nea rby communities, provided va luable hjsto ri cal in fo rma-
tion regaTding FS in the reservation. T he d iagnosis of FS was confirmed by 
immunoflu orescence (LF), immuno blotting. and il11munoprecipi tation tech-
niques. T he isotype and IgG subclass of the an ti- epidermal au toa ntibodi es 
were dete rmined by indirect I F fo llowing techniques repo rted e lsewhere 
(Rock et nl, 1989). T he sera of pati ents and con trols were tested by 
imlTlunobl otting against epidermal extracts as previo usly described (Stanley 
ct nl. 1986). The sera were also assayed by immullo precipi tatio n using 
radio labeled bovin e muzzle epidermal ex tracts fo llowing C\vo previo usly 
reported protocols. In the first protoco l, tryp tic Dsg1 fragments were 
extracted from m uzzle epidermis by sonication (Olague-Alca la and Diaz, 
1994). In the second procedure, tryptic immunoreactive fragments were 
puri fied by concan ava lin A affi nity chromatography as repo rted elsewhere 
(Labib c/ nl, 1990) . 
Mapping the Houses and Taking a Cellslls of the Lilnao Verde 
Reservation The initial step in thi s inves ligation consisted of numbering 
each ho use o f the Limao Verde rese rva tio n, which includes C\vo regions, 
Limao Verde and Corrego Scco, to provide a precise address fo r each ho use. 
In addition, cach ho use was geographjcaLly located within each of the twO 
regions of the reservation with a Fligh tmate Pro G PS instrument (Trimble 
Navigation, Sunn yva le, CAl, a too l that uses satellite-derived info rmation 
to provide highl y accurate data fo r land . aerial, and marine na viga tion. The 
instrument prov ided a coordinate expressed in degrees of la titude and 
longitude that represented the location of each ho use. This info rmation was 
transferred to a de tailed map of the region. 
Info rmation on each member o f every f.1 mily uni t living in the Limao 
Verde reservation was entered in to a data base using Lotus 1-2-3 softwa re. 
Each fa mil y was ass igned a record number that was the same as tile ho use 
address num ber. Data on relatives and nonrelatives li ving in tile ho use were 
en tered in each rccord . A f.1 111ily record con ta ined the following fi e lds: 
name, family rank, b irth date, age , sex, race, assign ed code, and diagnosis. 
T ribal association (either Terena o r non-Terena) was assigned to each 
individual, as determined by information provided by the heads of the 
f:lmil y and the leaders of the reservation. Indiv iduals o f the non-Teren" 
group belong to one or more of the fo llowing ethnic/ racial gro ups: Indians 
fro m other regions (Xavantes, Bo li viallS , ParaguayallS) , indi viduals of 
African, Po rtuguese. or Spanish background and desccndants of thcse 
individuals th ro ugh intemlarri age wi th Terena Indians. The assigned codes 
consisted o f the in itials of the region of the reservation fo llowed by the 
house address. e.g., LV1 , LV2, etc .. fo r ho uses of the Limao Verde region. 
or CS t , CS2, etc .• for ho uses of the Corrego Seco region. The three or 
more characters were fo llow ed by a consecu tive number w hich represented 
the f.1 mily member currently living in the ho use. c.g., LV20-1 , CS1- 1, etc. 
T he full code was used as a keyword to sea rch the database to determine the 
tota l number of inhabitants of tile reservation . The complete Limao Verde 
data base was updated and edi ted several ti mes and the final version (April 1, 
1995) was used to calculate the demographic pa rameters of the Terena 
population. 
R E SULTS 
Demographics of the Limao Verde Community T h e to tal 
nwnbe r of inhabitants of the Limao V e rde reservatio n , as of April 
1, 1995, was 998 (519 m al es and 479 fe males) distribute d in 204 
fa milies . T h e re w e re 171 fa milies in the Limao V e rde subsectio n of 
the reservatio n w ith a tota l p o pula tio n o f 854. III the Corrego Seco 
regio n th e re w e re 33 fa milies wi th a to ta l p o pula tio n of 144. T h e 
distributio n of th e to ta l popula tio n by age and sex is sh o wn in Fig 
3. It is notabl e that 50% of the po pula tion o f Limao V e rde is unde r 
20 y of ag e , 33.8% a re b e tweell the ages of 20 and 50 y o f age , and 
16.2% are ove r the age o f 50. There w e re 335 non-Indian 
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Figure 3. Graphic representation of the age and sex distribution of
the 998 inhabitants of the Limao Verde reservation.
individuals living on the reservation. The non-Indian group ac-
counted for 93% of the population of Corrego Seco, but only 23%
of the inhabitants living in the region of Limao Verde.
During the period of our initial data collection (1994 and the first
3 mo of 1995) 11 deaths were recorded within tillS population, one
of whom was an FS patient who died of a cerebral vascular accident
at age 59. The other deaths included five children under 2 y of age
and five adults. The nutritional status of the Terena population
appeared to be fair. Some cases of obesity and one classic case of
rheumatoid arthritis were detected. According to information
obtained from the local health authorities, the diseases that are
prevalent in the Terena population include tuberculosis, parasitosis,
intestinal infections, and alcoholism.
Housing and Living Conditions on the Limao Verde Res-
ervation Are Primitive As shown in Fig 2, the houses of the
Limao Verde reservation are scattered over the two geographical
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regions, Limao Verde and Corrego Seco. There were a total of 175
houses in Limao Verde (four houses were ll11occupied) and 33 in
Corrego Seco. The centt'al area of Limao Verde has a cluster of
houses, which belong to the Terena leaderslllp, and other buildings
including an elementary school, clinical facilities, and churches .
Individual houses in tillS area have adobe walls, roofs of imported
tiles, and cement floors. Rwming water is supplied by channels
coming from the Joao Dias Creek. There is no sewage system on
this reservation. The great majority of houses outside the center of
Limao Verde are quite primitive, consisting of bamboo walls, straw
roofs, and dirt floors. These houses are located in proximity to the
local creeks, which are used for laundry, bathing, and consumption.
The Terena Reservation of Limao Verde Exhibits a High
Prevalence of FS As presented in Table I, our team of inves-
tigators have documented 26 cases of FS on the Terena reservation
of Limao Verde-16 males and 10 females. This information was
obtained from hospital records and by on-site clinical and immu-
nologic examinations that were carried out at regular intervals by
dermatologists. Thus, this patient census can be considered com-
plete. The prevalence ofFS within the entire reservation (including
both the Limao Verde and Corrego Seco regions) was 2.6%. No
cases of FS were found to originate in the region of Corrego Seco,
and so the prevalence was even higher, 3.04%, for the region of
Limao Verde alone. The age and sex distribution of the FS patients
at the time of disease onset is shown in Fig 4.
The majority of patients exhibited the localized form of FS, and
only five patients exhibited the generalized form. Histologic ex-
amination of skin biopsies revealed subcorneal vesicles. Twenty-
two patients were receiving corticosteroid therapy during the time
of tillS study. Foul' FS patients, who were first diagnosed in 1994
during our initial screening, were also placed on corticosteroid
therapy (cases FS-9, FS-21, FS-25, and FS-26). In 19 patients, the
titers of FS autoantibodies by indirect IF were higher than 1:20;
however, in five patients with a well-documented history of FS,
tlus test was negative. The sera of only five FS patients recognized
Dsgl by immunoblotting (Fig 5). By immunoprecipitation tech-
Table I. Immunological Characteristics of the 26 FS Cases in the Limao Verde Reservation, Brazil
Indirect Immunofluorescence lmmunoprecipitation
Proced-1 Proced-2
Patient Code Age Year/ Iml11unoblot
No. No. y Sex Onset Race IgG IgG1 IgG2 IgG3 19G4 Dsg-1 80 kDa 45 kDa 62 kDa 45 kDa
1 LV125-2 44 I' 1983 Indian 1:20 1:20 (-) (-) 1:80 (-) + (-) ++ +++
2 LV126-1 35 M 1990 Indian 1:20 (-) (-) (-) 1:20 (-) (-) (-) (-) +
3 LV151-2 28 F 1988 Indian/white (-) (-) (-) (-) 1:20 (-) (-) (-) (-) +
4 LV113-1 45 M 1985 Indian 1:640 (-) (-) (-) 1:1280 (-) ++ +
5 LV4-2 23 F 1991 Indian 1:160 (-) 1:80 (-) 1:320 ++ ++ +
6 LV3-2 23 M 1990 Indian 1:640 (-) 1:20 (-) 1:1280 + ++ +
7 LV71-1 33 M 1990 Indian 1:1280 1:40 1:20 (-) 1:2560 (-) ++ +
8 CS16-1 41 M 1991 Indian 1:640 (-) 1:20 (-) 1:1280 (-) ++ +
9 LV136-5 12 M 1994 Indian 1:320 1:20 1:20 (-) 1:1280 (-) ++ +
10 LV169-1 60 M 1984 Indian (-) (-) (-) (-) (-) (-) (-) (-) (-) +
11 LV96-2 17 M 1990 Indian 1:80 (-) (-) (-) 1:160 (-) + (-)
12 LV98-1 31 M 1993 Indian (-) (-) (-) (-) 1:20 (-) + +
13 LV64-1 47 F 1985 Indian (-) (-) (-) (-) (-) (-) (-) (-) (-) +
14 LV44-2 17 F 1989 Indian 1:160 (-) 1:80 1:20 1:320 (-) + +
15 LV46-1 40 M 1990 Indian 1:320 (-) (-) (-) 1:640 (-) ++ +
16 LV81-2 39 F 1988 Jndian (-) (-) (-) (-) (-) (-) + (-)
17 LV53-1 45 F 1993 Indian 1:160 (-) (-) (-) 1:640 (-) ++ +
18 LV26-1 55 M 1988 Indian (-) (-) (-) (-) 1:40 (-) + (-)
19 LV150-2 32 F 1984 Indian (-) (-) (-) (-) 1:160 (-) + (-)
20 LV143-1 65 M 1989 Indian (-) .(-) (-) (-) (-) (-) + ++
21 LV30-2 56 F 1994 Indian 1:320 (-) (-) (-) 1:160 (-) + (-)
22 LV124-3 37 F 1979 Indian 1:320 1:80 1:20 (-) 1:640 (-) ++ +
23 LV173-1 57 M 1990 Indian (-) (-) (-) (-) (-) ++ + + + +++
24 LV85-7 76 M 1993 Indian/Black 1:40 1:40 (-) (-) (-) ++ + (-)
25 LV131-1 23 M 1994 Indian (-) (-) (-) (-) (-) + (-) ++ + +++
26 LV94-1 48 M 1994 Indian 1:80 1:20 1:20 1:40 (-) (-) + + (-) +
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Figure 6. Sera of FS patients from Lin,ao Verde react with"
proteolytic fragment of dsg-l by immulloprccipitation. Sera of FS
patients £i'0111 Limao Verde (numbered 1-26), a normal human scrum (C-).
and a positive FS serum (C+) were tested for reactivity with '25 I_labeled
Dsgl proteolytic fr"gments by imll1unoprecipitation (procedure 1). The
molecular weight markers (in kDa) arc shown on the left. Two specific
bands are recognized by FS sera, one of80 kDa and another of45 kDa. The
ser" of 18 FS patients iml11unoprecipitated these Dsgl imll1unore"ctive
£i·agments. The sera of the 8 FS paticnts that yieldcd negative rcsults by
procedure 1 (1, 2, 3, 10, 13, 23, 25, and 26) were shown to react with the
45-kD" FS antigen by immunoprecipit"tion (procedure 2).
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Figure 4. Graphic representation of the age and sex distribution of
the 26 FS patients of the Limao Verde reservation.
niques, however, the sera of aU 26 FS patients recognized immu-
noreactive fragments of Dsg1 extracted from bovine epidermis by
one or both of two procedures (Fig 6). It is important to note that
five FS sera that were negative by indirect IF produced positive
results by immunoprecipitation teclmiques.
Detection of Antiepidermal Autoantibodies Preceded the
Onset of FS in One Individual Dermatologic examination of
approximately 80'Y!, of the Terena population of Limao Verde
revealed normal skin findings or common skin diseases, such as
eczema, acne, pyoderma, and leg ulcers. As part of this study we
tested a large fraction of tins community, including normal indi-
viduals and those with dermatoses other than FS, for the presence
of circulating anti-epidermal autoantibodies by indirect IF. To date
a total of 433 unaffected individuals of the reservation have been
tested, and all but 1 have yielded negative results. The one
exception was a 12-y-old male whose serum produced the typical
anti-intercellular staining pattem in human epidermis at a titer of
1:320 for totallgG and 1:1280 for IgG4. TIns individual was seen
in a follow-up examination 4 weeks after tlus initial blood drawing,
at which time he presented with the generalized form of FS
(designated case FS-9). Tlus patient has responded to treatment and
has shown a conconutant reduction in the titer of circulating
anti-epidermal autoantibodies.
FS Cases Exhibit Geographic Clustering. Figure 2 shows
the distribution of houses where FS patients currently live (depicted
as triflllgles) within the Limao Verde reservation. The majority of the
patients have lived in these houses since the onset of their disease.
Only one FS patient who was seen by our team of investigators
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Figure 5. A subset ofFS sera react with dsg-l by immunoblotting.
The sera of FS patients from the Terena rcservation of Limao Verde
(numbered 1-26), a normal human serum (C-) and two positive control
sera (C+) were assayed for reactivity with human epidermal proteins by
immunoblotting. The positive control serum shown in the second lane £i'om
the left was a previously characterized FS serUm and the other positive
control serUm was a rabbit anti-Dsgl serum. Bound anti-Dsgl antibodies
were demonstr"ted using \25\ staph protein A and autoradiography. The
thick arrow (.....) between the 200 and 116 kDa molecular weight markers
indicates the position of Dsgl. Only five FS sera recognized Dsgl (FS c"ses
5, 6, 23, 24, and 25).
lived in Corrego Seco (FS-8); however, this patient developed the
disease in 1991 while living in house LV71 in the Limao Verde
region. Interestingly, in 1990, this patient's brother had developed
FS willie living in this same house (case FS-7).
There appeared to be a clustering of patients' houses in certain
areas of the Limao Verde region. One hypothesis that we tested was
that FS patients tended to live closer to the Joao Dias Creek and its
tributaries compared with unaffected individuals. A comparison of
the mean distance from the creek, however, of the houses of FS
patients and those of the general population showed no significant
difference when analyzed by the t test after a normalizing trans-
form.
FS Cases in Limao Verde Exhibit Familial Clustering Anal-
ysis of family pedigrees revealed that FS patients tend to cluster
within certain families, but this distribution shows no clear
features of dominant or recessive inheritance. Among the 26 FS
patients there were eight pairs of close relatives: two pairs of
brothers (FS-7/FS-8 and FS-l/FS-2), two maternally related
half brothers (FS-9/FS-25), father and son (FS-26/FS-ll), father
and daughter (FS-15/FS-14), aunt and nephew (FS-13/FS-12),
and two pairs of first cousins (FS-3/FS-4 and FS-5/FS-6). One
FS patient had one Terena Indian and one black pat'ent (case
FS-24) and another patient had one white and one Terena Indian
parent (case FS-3). The rest of the FS patients were Terena
Indians. Figure 7 shows a representative pedigree of familial FS.
FS Cases in Limao Verde Exhibit Temporal Clustering
The first individual on the Limao Verde reservation with a con-
firmed case of FS was FS-22, who developed the disease in 1979.
This patient has continued to have clinical and serologic recur-
rences ofFS during the intervening 16 y. Currently, she is in clinical
remission on systemic steroids. In the years following the first
documented case of FS on the reservation, new FS cases appear to
have occurred in clusters (Fig 8). The year of disease onset for each
FS case is reported in Table I. A cluster of fIve new patients was
diagnosed between 1983 and 1985, and 13 cases were first seen
during the period of 1988-1991. Three new cases were seen in
1993 and four new cases in 1994. No new cases were seen in 1980,
1981, 1982, 1986, 1987, or 1992. While this manuscript was in
preparation, one new FS case (code LV134-1) was detected
clinically and serologically (indirect IF titer 1:320) in the Lil11ao
Verde region of the reservation.
To investigate whether the new FS cases seen fi'om 1979-1994
exlubited a nonrandom temporal distribution, a test of homogene-
ity was applied (Cochran, 1994). Based on tlus test, the null
hypothesis that there was a constant rate with random variation was
rejected with p < 0.0001. A test for a linear rate of increase in FS
incidence over the 16-y period was not significant (p = 0.12);
however, a signifIcant step-wise increase in disease incidence was
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Figurc 7. A represcntative pcdigree analysis of a Terena clan
containing eight cases of FS. e, ., FS patients. The numbers corre-
spond to the case designations shown in Table I.
revealed when the data from the first 8 y (1979-1986, mean
incidence 0.75 cases/year) were compared with those of the last 8 y
[1987-1994, mean incidence 2.5 cases/year; p < 0.01, using the
chi-square test of change in level (Cochran, 1954)].
The Terena Reservation ofIpegue/Taunay Is Free ofFS A
study of Ipegue, with a population of approximately 700, and
Taullay, with a population of 1503 (FUNAr, 1990) uncovered no
cases of FS. The dermatologic examination of 200 individuals from
this reservation with skin disorders revealed an unremarkable array
of common dermatoses such as scabies, pyoderma, and dermato-
phytosis. A new case of leprosy and another of melanoma were
found among these patients alld confirmed by histologic examina-
tion. AU of the sera obtained from individuals on this reservation
were negative by indirect IF on normal human skin (n = 50).
DISCUSSION
Our present investigation revealed an extraordinarily high preva-
lence of FS on the Terena reservation of Limao Verde. There was
a prevalence of 2.6% among the total population, and an even
higher prevalence (3.04%) within a subsection of this reservation,
also called Limao Verde. ALI cases were confirmed using well-
defined clinical, histologic, and immunologic criteria. In agreement
with the literature, only five of the FS sera recognized Dsg1 by
immunoblotting (Stanley cl ai, 1986), but, the sera of all 26 FS
patients recognized immunoreactive Dsgl fragments by immuno-
precipitation (Labib cl ai, 1990; Olague-Alcala cl ai, 1994).
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Figure 8. Graphic represcntation of the tentporal distribution of
FS cascs on thc Terena reservation of Limao Verde. The first
documented case of FS on this reservation occurred in 1979. The subse-
quent cases have developed in clusters, leaving some years with no FS cases.
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As of April 1995, 45% of the unafFected population of Limao
Verde had been serologically tested by indirect IF for aJlti-epider-
mal antibodies, and only one yielded a positive result. Quite
interestingly, 4-5 wk after this positive result, this individual
(subsequently designated FS-9) developed a severe generalized
form ofFS. This illustrates one of the most sig,lificant advantages of
ana.lyzing a defined population such as the Terenas ofLimao Verde
using immunologic assays-the ability to study the very early stages
of the development of this disease and to determine the incubation
time of FS, which currently is unknown. A more precise charac-
terization of the onset and evolution of the autoimmune response
and a careful study of the activities of patients during the period
preceding clinical presentation of the disease should greatly facili-
tate our investigation of the etiology of this disease.
The first documented case ofFS on the Limao Verde reservation
appeared in 1979. There was anecdotal evidence of two other
individuals with an FS-like disease pI;or to 1979, but because they
were never seen by a physician, these early cases were not included
in this study. Nevertheless, it is interesting to note that both of these
undocumented cases were relatives of FS patients. One individual
who developed the FS-like disease in the 1960s was the mother of
case FS-13 aJld the other, the mother of case FS-16, developed the
skin d.isease in the early 1970s.
A statistical analysis of the year of onset of each case of FS on the
Limao Verde reservation revealed a nonrandom temporal increase
in disease incidence (p < 0.0001). This increase, however, was not
linear over the 16-y period (p = 0.12). The best fit for the data was
obtained by the hypothesis that there was one low rate of FS
incidence during the first 8 y (1979-1986) alld an abrupt shift to a
significantly higher rate that lasted for the subsequent 8 y studied (p
< 0.01). In addition, the data show that there may be a temporal
clustering of the FS cases-i.e., one case in 1979, five cases from
1983 through 1985, 13 cases frol11 1988 t11l'ough 1991, and seven
cases from 1993 through 1994. No new cases were seen fj'om1980
through 1982, fmm 1986 through 1987, and during 1992. The
number of years in which no new cases of FS were identified was
far greater than that expected by chance. The abrupt increase in the
number of FS cases in certain years interrupted by years of absence
of cases strongly suggests that exposure of the population of Limao
Verde to the etiologic agent ofFS is temporal and intermittent. We
were unable to test for seasonal variation in FS incidence due to the
imprecision in the information on the date of disease onset.
In addition to the unique tempora.l distribution of FS cases, there
is also very strong evidence that geography plays a key role in the
precipitation of this disease. The two geograph~ically distinct sub-
sections of the reservation (designated Limao Verde and Corrego
Seco) showed a striking difFerence in FS prevalence. A.ll 26 of the
FS patients in this study were living in the Limao Verde subsection
of this reservation at the time of disease onset. This finding appears
to support the notion that the etiologic agent ofFS is geographically
restricted, but because of the vel)' difFerent racial/etlmic back-
ground of the people of the Con'ego Seco region (93% non-
Terena) compared with those living in the neighboring Limao
Verde region (only 23'Yo non-Terena), it was difficult to distinguish
between the genetic and environmental factors that influenced the
incidence of FS. To circumvent this problem, we investigated the
prevalence of FS on another Terena reservation, Ipegue/Taunay.
In contrast to Limao Verde, with its extremely high lllcidence of
FS, the rpegue/Taunay Indian !'eservation, with a total popu.lation
of 2203 (FUNAI, 1980), showed no evidence of FS, strongly
suggestlllg that the etiologic agent can be traced to certain ecologic
systems that are unique to the Limao Verde reservation, and
possibly restricted to the Limao Verde subsection.
These data provide support for the hypothesis that changes in the
environment (tempol·a.! and/or spatial, and resultiJlg from natural
forces or human intervention) may have significant efFects 011 the
incidence ofFS. The interm.ittent appearance of FS in the tribe
suggests that the people of Llll1ao Verde are exposed to disease-
causing levels of the sensitizing antigen only during certain years.
Fol.lowing this line of reasoning, the potential etiologic agent(s) of
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FS include, among others, hematophagous insects, parasites, and
rodents. It has previously been postulated that bites of certain
species of black flies may be linked to the onset of FS (Lombardi el
Ill, 1992). Recent entomologic studies have revealed that the
predominant species of black flies found on the Limao Verde
reservation, as well as in other FS endemic regions of Brazil, is
Sillllllilllll II igrilll II III 1/11, whereas in nonendemic regions other black
fly species, e.g., Silllll/illl/l pertil/.Ilx, predominate (Eaton DP et 11/,
manuscript in preparation). These and other data (Vieira, 1940;
Aranha-Campos, 1942; Lombardi et 11/, 1992; Eaton DP et Ill,
manuscript in preparation) suggest a potential role for black flies as
a vector in FS. Factors such as the annual rainfall, humidity, and
temperature may influence the proliferation of these vectors.
The Terena population is no longer the nomadic hunters and
gatherers of the past, but a human group that has adapted to
become an horticultural society (Bates and Plog, 1991). The cost of
pesticides and agritoxics limits their use in agriculture and, there-
fore, exposure of the population to these products is minimal or
nonexistent. In this region ofBrazil, however, widespread spraying
of insecticides is carried out at periodic intervals to control vectors
of human disease, such as Chagas, Leishmaniasis, and Malaria.
These services are provided by the Brazilian government through a
federal agency named SUCAM (Superintendencia de Control
Ambiental). Whether these practices are related to the cyclic
appearance of FS in Limao Verde remains unknown because we
have been unable to document the precise dates of the insecticide
applications at the Limao Verde reservation.
Pedigree analysis of the residents of Limao Verde revealed a
striking number of familial cases of FS. Eight pairs of FS patients
(which accounts for 61% of the cases) were close relatives, and
some extended families contained four or more cases. The pairs of
genetically related patients included brothers, half brothers, father/
son, father/daughter, aunt/nephew, and first cousins. These data
are consistent with previous findings indicating that there is a
genetic component to the development of FS (Petzl-Erler and
Santamaria, 1989). In non-Amerindian populations, FS was found
to be associated with the DRBl *0102 allele [relative risk (R.R.) =
7.3, P ~ 0.002] (Moraes elll/, 1991), whereas FS patients within the
Xavante and Terena Amerindian groups of Brazil exhibit an
increased frequency of HLA DRB1 *0404 and, to a lesser extent,
DRB1 *1402, and DRB1 *1406 (Cerna ellll, 1993; Moraes ME elll/,
manuscript in preparation). It is interesting to note that all four of
these FS-associated DRB1 alleles contain an identical eight amino
acid sequence, i.e., LLEQRRAA, witI"tin the third hypervariable
region. Accordingly, this "shared epitope," as originally proposed
for other autoimmune diseases (Gregersen elil/, 1987), may provide
susceptibility to develop FS in individuals exposed to the appropri-
ate environmental etiologic agent(s).
FS cases on the Limao Verde reservation exhibited geographic,
familial, and temporal clustering. We detected no significant
interaction between these three types of clustering, e.g., FS cases
that occurred within a 1- to 2-y period did not show any particular
geographic or familial clustering. These results, coupled with
human leukocyte antigen findings and immunochemical results,
suggest that the development of FS involves exposure of a predis-
posed individual to an environmental antigen that, in turn results in
the production of antibodies that cross-react with epidermal Dsg1.
There is substantial evidence that these anti-Dsg1 autoantibodies
are responsible for inducing epidermal cell detachment and the
clinical expression of the disease (Amagai, 1995). The novel
findings reported here should facilitate future studies aimed at
disclosing the etiology of FS. The Terena Indians of the Limao
Verde reservation are a well-defined human settlement that will
playa major role in the completion of these studies. This conclusion
is based on the following observations. 1) Both the prevalence and
incidence of FS on this reservation are particularly high. 2) We
have established and currently maintain a computerized database
containing demographic data, familial relationships, and clinical
histories for the entire population of Limao Verde. Based on these
data we have constructed family pedigrees for the majority of the
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FS patients. 3) The Terena population represents a genetically
isolated human group. Emigration of inhabitants of the Terena
population and inunigration of other etlmic groups into this
reservation is minimal. 4) Cultural aspects of the Terena population
facilitate the interactions with our team of investigators. 5) The
leaders of this reservation are strongly committed to facilitating the
FS projects. 6) The Limao Verde reservation has well-established
borders and is easily accessible by motorized vehicles. This facili-
tates the job of the investigators as well as the transport of patient
samples. 7) Finally, the University of Mato Grosso do SuI is a
critical source of support for these projects.
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